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COLOR DEFECTIVE VISION AND THE RECOGNITION OF AVIATION

COLOR SIGNAL LIGHT FLASHESj

I. Problem. 11. Tes.ty~ andi I')'fMei(1l. Tlie conplete test.

Candidates for F~ederal Aviation0 Adlliniistra- hatterv is described b~elotw, Because thle litimis
tic~i i edical certificaites (Classes 11 inid 111) Vision Tester NviIM not used tit tlie little they were

oiust. be able to dliscriminaiite itinong av'iatio sill. 5 Iiin, (irmll I subjecIItsQ '15id ntot rev('L1 le I halt test.
nid ired, white, and green. 1  To test. foi' this re. 1. T1liv A. 0 . 11 -Hl-1 plitts ( Aineivaniui Optical

qu(il leilct , it variety (if comm ercsI4ia color vi sion I I- R- It PsuI 't1(0141114)lilomtt p)laItes5, 2nd( editii oln,

tests haive be-el applrovedl for tise by FAA-desig- Ajinerivan Opthical ( onipajnuy, 19)57), whichi ire
* Iilted Av~iaititoll 111led Oi F lll Exitininl', al!tho sugh ' I1'14t41414' l 4111f')1td5,WiA(l5glCl

11111' If Il(setests I ill c not bee K''Ititaidiird ized to diistciinl i color(4)1II I tefe't ive vi sio fonl n'iorofi-

against. specific. aviaition req~uiremlenits. hMay ill- ll(tic1501,4 ilS ftyeo'det,111
vet ilors" litive. c tinpa red the I5 ('test for 41 lil'iai l 11 I to (t indc t'l'g'e the (IL're of ' dvvtIiw.'le's. Tlhe test -

efliicaey i11 ci ossifying and (1pWilt ifyi og color de- ing proce'tdurel't p11's)'II iw 1(3' iil tesI('t 11111 Ilils Wats

fect ive vision. TIe Ipurpiiose of tile c'urrent studity follo twed ex('L' 4. t I iit. 111i'' rept itionl Wats, gi vll.

wits to comparille severa'il oif thleset tests5, togtherl'l l'Aiu-h si~ide'lt %%-1s slifIwl tile four (lenilonstrittioll

tests for predictive v'nlc whl'il tused with til1 1i, Iawits told( therei' %vlildi be otliv, twvo, or 110
iiviiition criterion. tigtiL's o)i1 Paoli1 plate1. lie wals theni Sho4wnl thlt-

test. pilatt' and~ as5ked Ito idetlify3 tilie figtureli. The
HI. Method. fir l' responsei Av' its rcorde andiV~ 1114I) correcL'tion11

itors to the IwiC 19 o (iditonia State' Fair werik sitii'd tsi fitlin i g ii t13' any errors xvi'r I'd Iiide ill

* scr'eenled iusing thue Ainerivlli Opjtivitl 11-11-1t, tlji' plated's 11!-1 1 I li' t lilgill-iost 14 SerieLs.

Dvorine pilates anid thle Fltrlswoirt Iimeiinl 1)-Ii Of. )I t liL' I vto'il piIlaltes (I vorlinle Pseudo-
(thlese tests tire decr(libedl IKteow) with 46l0 of 155Ittvii-int iv PIlates. 2111 edit ioni. I [itw'oiiit,

* t hese fa ir-goel's shoin lg 54111W degre .t ofolor I&- BI Iit& 111Wtlili'li((tItlI.It5),tle1-

f ic ieney'. T'iCsd 4601 leivoh tiw1ere ini'Ite'd to par40- 111111 iei' t it plalteIs. 11 itl IDig (ilt' ll demonstratios) nt

tici fliti ill t liis inlvest i 'itt ion.1 Froi'4 1 tIis gout p, ti itt , WI'r uL tse'd. 'I'l it'SC d ll 1tt1e. for0 illiitera'lt es

batittery'. Add itiona11 siti jt'i' ii ven' otat tti ned from Olit st Iitly E114-11 SttI iit't Wils sho4 wit tihe plaIteLs

* for ev'ideince of voioi' defect. TwoI huniidred fort%'- :1. TI it'ie iiW1t 1anwod 'II l'i I )*- (sFiarnlsworthI
sevenC~ A ir Force''t personneli werei'( so4 iden~ttified and, DI)oIlutiltll Tei sIt's for ( (41,1 1 Ii14 lidless, 1Panel
o~f these, 7:1 n ci '2 leted th e (2roul I test 1 tit- DI.')- , i'sv'hl )1 giva Citi l''p'i tti'ol )1) %vIs de'si gned

* ter'3 . nIiese1.w - je('ts (lipii IL' tilie Gru i" toq ( ldist inl gIl i sli 17I14. st' 4' 4'i.N ,'oh n defet4'ti e froml
test. popuilatioin. tilie colov ilovl'lill 11141 it l tlt'I'il t('Irate 14).14)1' defee-

On(he yearli'tlter, tile Air Forve inediclll record,-. t ivL." Tlitt tt'st 'onlsists of I4 .-) Ihilst ie ('(44)1 ('ills

''I'4'e i dentiftied. At this, t 11111, diL 'ifi11i5l V isio 011 11111illle t l'1it 4n 01' l~ld Eat ii i tt'l- wt~a s inlst l'l (t-t'4

Tel'ster Color' Pl ateC was add11ed to tilie test liit teiv. to Illvi flc4 t olt' (' vfI' 'lls (SII(ilt' 4 I'd, So4 11t vait4It' '4p

tile Group 2 test p)opulaltionl. A ftt'r ('(41111 t llt'I hgtit wt t'he t I' tilic1t wias alsked(



to rIvit-w i :IIIlld I imli any 'ia i ges to vot'reet the :io41 iotns an1d of the three color's, red(, green, and
S,1de . This h16i1it11v criterion was at least two white. Subjects wetre seated eight. fe~et. fron thie
('l'OSSO'.451 ill 111P -4 Ix ulteVh, 1Y th e a ll i. ' t,(3IO l ldtrecti'll ill it lighted roolil. Each subject. was
oil Ithe 4,' 4t'r 41 I&'Pt $il' le. i0 striclited to identif I v the color's of tile lhirs o!

I1. lho lFanics\w•rth Iil()-l ue T•st (thle Fa i's- lighits pi resent e(d to hil. All ihie pairs of lights
-,,th-\1iiIe I-0, l Ill-I 'r'est for Ihlie , Exallkll, ii oll wer'te p1re senteld ill ran1(donm oi'der 1111(t if tlie subl-

of ('olor I )isnl'11tilationl, Muinisell Color (CoIparny, joe. malde, no error1 s i ll 1 au1ili'yllp ii; 111V,,pm51&

incrplIri'lated, I5),-5) waI, designed to illcislire tile series, lie was passed. If there, Were ally

i.olor discrimilnalUi 1 il ihle 4,'plIVIlr . I. i rd ,t, err'ors, two additional series were r.l' n Failure U
7011(es or color vIonflltsion ill the color defective.:' criteriiOn wits lilt iav'erage of moiro'e thanill on0 e'ror!

The test consists of four hinged Nixes, each cOI- put- series of ni1ne color palirs for the last two

tainin-ig two fixed color reference calls tt either eL"',
endil of one, pItt of tile box and on1e-fourth of the T. The 'L'itinuls l'ate (Color Perception Plate
S5 color fest. cap's l'rllnlOilyV arranged ill tile otheer of the Titlntis Vision Tester, Aeronmedical model,
olilt. The .mlbjects were ihstruteted to place the 'I'itanus Optical Company) wits added to the test
Color ('4111s ill or'der s0o that ealich (aliWs placed batttvvy when (0(roup '2 subjects were i1t1. Tile
betweeln the two caps most like it, in color. Still- test was designied to detect color deficiency, buht
jects were toli to work ill ally order froiii either not, to diagnose the type of defect. It, consists of
reftretell,.' vail. The wolr'inlg procedure was iden- it transillunlilt ted plate containing six repro-
tical ltl t0 11t1 tleSribed by the test. auithor.' Ali dliced Ishillala Pseudo-lsochroinatic Plates. 'rie
error S0oflt of" 100 or inor was considered failing, plate is viewed binocularly through a stereoscope

All of tile above tests were tadhinistered ill ia that preselits ltiilt imag3 of the plate tit lilt optical

darkened room with test illuminaton supplied by (tistuieu of 20 feet. The test. was administeredMacethto in iiii ii htlninated 10O0111. T]he subject was inl-
it Macbeth easel laninl with daylight filter to ap- ilal liiimtdro.Tesujcwtsi-

aelpoximtte C.IiE. Soilrce C. strueted to identify the nublleilrs ill each circle

The Co o the plate. Failure criterion was ally error.5 . T i o lo r TL h r e s h o ld 're s te r ( S A M G T 'I ') S a h s b e t w s g v n a n w l s o e
(Macbeth ('orporatioti), which wtas developed P. Each subject. wa gi-eil 111 anolinloscope
for an Air F'orce criterion,' consists of a test examulinatioln with a Nagel-type amuonaloscope

-lght in front of which are tw) discs, each coin- (Schmnidt and Ilawhseli). The inlstrullitent |)re-

taillilng eight filters. The lippel. dine contains senits t nmonoe-uhlr view of at 2°10' circular bipar-

Iietltl'1al density filters for varying the lililltilnce tite field. The subject. is reqlireld to iatchi the,

of the test. light, while tile lower disc contaills two halves of the field to prodiuce the Rayleigh

,olor filters for varyinig the test color. The subl- equation, it variable inixtlure of wavelengths of

ject wits seated tell feet ftromii the ilistrument ini a fiTO i1 lilnt i4(! 546it in one h1lf and ,589.3 link1 of

dark room1l. All eight colors, at. the highest liui- \variable huniniance in the other. The exalinia-

wince. were shown to the subject an11d namillied for tion proceduire began by asking tile subject to

him by the examiner before testing. The subject fixate tile Trendelenburg adaptation light for

wais ilstructed to repiort the color of each test two Iihutntes after which the sublject was asked

light, and to ui-c omd y the color niamets shown to to Joathel the halv'es of the bipartite field using

lilni before testing. ihe suiject wvas told to guess both control knobs. For smcceedin.- inatclhes, the

wheni not. sure. All colors were shown at the exahlminer set the red-green mixture, while tie

lowest h1llailahiuce first ill tile order prescribed by subject attemlpted to make a lnateli by varying

the test author. The order was reversed at each the hiniiiance of the yellow field. This proce-

sutccessively higher hluninance. 'File criterion for lhire was colitinnued until the examiner reachied

failure was a score of 41) or less. the limits of the subject's rallge. Between

6. 'L'he Farnsworth Lantern (Farnsworth Lan- lliatches the subject wits asked to regard tha

tern for Testin, Color Vision, Macbeth Corpora- adaptation field for thirty seconds. After the

tiol) was designed for the screenillg ef Nav'y subject's range wts determilined miilder conditions

p)ersomliel." The Lantern permits successive pre- of "neutral" adaptation, the range wits redeter-
sentationm of nine vertically arrayed pairs of lights mined for conditions of chronmtic. adaptation
rep)reseniting aill possible conlionations of the two by asking tile subject to look through the eye-

2



p~iece continuously. The subject. used his prc. terivals, the flash color; lbeing randomily selected
ferred eye. but. Withi the pr-oviso that 11ll three colors be pre-

Subjects who made matches outside tile limnitS sentel [it. least once withinl each six-flush test.

of 38-44 onl the instriument's arb~itrary scatle of 'I'hle si!) ect. wai. asked to identify the color of

0473 were classified as dlefectives. Ranges ls.~ enach fliksli before t he flais! terminai ted. One or'
11101111 i'iO iS ill illenifyill fti( icolr o009f tilie six~

than 10 were classified arhitrarly ats mild defects, li Ing .. r
ranges between 11 and 25 ats moderate, and ranges '"'""". "'ý R'11.1

greater than 25 ats severe. The anonidty wit. The jpass-fail criteria for the A.0. H1-1-R
clas'eified f; ex-mef~ -1n ....o* 1vUQ- ,nign n' 0 hlfltes tile DI,.rq-1 1i1fue . ,C~m ,hoVP'Oif(

matches made with chromatic adaptation was 'Tester, the Farnsworth Lantern, and thle Titmnus
greater than the range obtained with "neutral" Vision Tester Plate are criterion scores uised by
adaptation, Thle direction of deviation of the Aviation Medical Examinflers foi, (anllidiltes for
center of the range of matches from tile. forinia (hIiss 11 atnd III imedicail coit ificates., The 1)1155-
limits determined the dliagnosis of typie of de- tail criterion for the. Farnsworth Panel D-)-I is
ficiency, i.e., subjects who iequired more green the cr~iterion su-ggested by Farnsworth" for in-
thtan normal in their matches were classified its dustrial aind miilitakry apll~i(icat ions, allthou1gh 11o
dentan, while those using niore red than miornial specific aviation criter~ion wats suggested. Thle
were protans. IDichromats, suibjects who matched pass-fail criterion for tile.Frsotl-ns

* the entire range of the instrinment, were classified 100-huei test is talcen from Fitrnsivortlms suggIes-
ats protafloles if the yellow luminance, setting woin tioni that errior scores exceeding- 10) fall beyoiad
very low~ for matches with red and as deutter- tile rang1,e of nor1mal11 colnipetencee for color dis-

anopes if the yellow luminance was normal. For eriminiati. The puss-faili criterion for thle

the purpose of comparison with other tests, sub- anoni11aloscope wals arbiitrarily selected. No effort

jeets whose range, of matchies exceeded 10 units was mnade, in the current. study, to determine if

were considered failing, pass-fail criteria other than those emnployedl in

N.B.Aftr nnny ubjctsin rro 1 ad een tile current. study might produce improved cor-
N.B.Aftr mny ubjctsin rou 1 ad een relationri between tiny 4nf the tests studied and

examined, it, was discovered thatt the linkage be- tile c!olor' siglnal light gunl test.
tween thle compiarison (yellow) slit and the mi-

* crometer drum had become misaligned so that thle

luminances of/, thle yellow field were sharply II.Rsl.
atteniiiited. This condition mnade it. impossible Thle ranges of anoinaloscope, matchies made by
to distinguish clearly severe 1)rotailolin lies front all subjects in Groups 1 and( 2 aire. shown in

lirotanopes, To facilitate comparisons the inis- Figures 1 and '2. The ranges for normal, pro-
alignmenit w~as maintained for all subjects. The tartormalouis, and1( lrotanopie. subjects are shown
spectral specifications were not, affected by the in Figure 1, while ranges, for deuternonoialous

misalignment, and deuiteranopic subjects aire shiown in Figure 2.

9. Each suibject received it practical test of his The ranges obtained undi~er chromnatic adaptit-

ability to recognize light flashes of aviation signal tion from suhjects labeled extremne anomialies tire

red, white, and green. T1his test, which was indicated by broken lines, while solid lines indi-

identical to the test. adlministered by FAA Gen- cate thle mnatches ob~tained unuder "neutral" adap-

eral Aviation D~istrict Offices to airmnan candi- tuition.

dates who desire Statements of Demonstrated Table 1 indicates the product-mionent correla-
Ability for thle color vision requirement, was tions (phi coefficients) between each clinical test
given outdoors during daylight, hours. Ani FAA and the color signal light, gunl test for Group 1
color signal light, gunm was stationed indoors at at subjects. All correlations repiresent significant.
window at anl elevation of 38~ feet. Tilhe subject chi-squares ait the 0.t01 level. Examination of

wats stationed ait distances of 1000 and 1500 feet Table 1 indicates thle. highest correlations were.
* fronm thle window and ait each distance three five- obtained fronm the Color Threshold T1ester amid

second flashes w~ere presented ait two-minute in- from the Farnsworth Lantern.
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tilon. of "'iiutrl" adallpiltation (soild lines) ainl, where iliffereltt, ('hreoitl(l( adaptation (Iroken I lbes),

TABLE 1.-Correlations between clinical tests and the rates were obtained with the A.O. H-'R-R, the
color signal light gun test. Farnsworth Panel D-15, and the Color Threshold

Group 1 Tester. Wide variation in miss rate may be seen
for tests with similar phi coefficients.

Phi Percent Table 2 indicates the product-moment correla-
Test Coefficient* "Misses" tion between each clinical test and the color sig-

A. 0. 11-R-R ---------------. 52 14.2 nal light gun test and the per cent of "misses"
Anomaloscopo --------------.. 44 4.7 for subjects in Group 2. Again, all correlations
Color Threshold Tester ...... .58 10.2 are significant at the 0,01 level.
Dvorino Plates ---------------. 52 7. 0
Farnsworth Lantern --------- -. 58 3.1 This group was included so that the perform-
Farnsworth 100-hue --------- -. 54 s. b ance of the Titmus Vision Tester Plate could be
Farnsworth Panel D-15 ...... .54 13.4 evaluated relative to the other tests. Table 2

indicates that the Titmus Plate has the second
*All correlation•s are significant at the .01 level, lowest phi coefficient, but the lowest miss rate.

Also shown in Table I are the percent of Table 3 indicates the correlations obtained
"misses" for each test, i.e., the percent of sub- when Groups 1 and 2 are combined. As before,

jects who passed the clinical test, but failed the the per cent of "misses" obtained with each test
color signal light gun test. The highest miss are also shown. Again, inspection of Table 3

4



reveals wide. variation in iniss rate -with rehifively T[ABLE, :l!1-,!2!0ih, i.w oItid 0h1V

litlIc variation in phi coefficients. olr~gu1lgtgi et

6roups; I and 2
IV, Discussion.

Examin-iationi of Tehies 1, 2, mnd 3 suggests Phirjcet 'llisgr's'

that hli. tests u1sed ill tile. culrrent study lV ay 1W- _______

divided into four g'roulps. Thie, first groulp Coll- A. 0. U-1f-lt- W---- ---------- 145
sito h . .tlv ;oior 'Fles' ......oco . 41 6i. (S

tut ftr .. 1.-,tr i I'i Color 'Thrmoshohl Tv~tv --- ---
1e.stvr, andl( thle Farnw5\orth Panl DI WI dli tests. M\orille Plates----------.50i (1. (1
with very Ii igil m15 V;atC. '!'e l ituuihars of' Iaranworl It I.(utern-------.3 .. 5
"mnisses" is important, front theB stlindcpoilit-. of Faritiwortli IllO-hut------------.47

safety, becauuse these. ate. the per venrt. of Farnwort -'ilD1 - 5 1.f

(cantq whio will receive. medical certificates with- *All correlations are. i1knilficanrt. at thke .01 Ievol.

TAnLEi 2.-Corrolations betweent clinical tests andu ItIn Ie 'vliltgIwi et 110 iow ae
color signal light gun test. 01 the. (ai IinI 'rable. 2, 1 hre. 'hi tiils Virsion 'feste

Grup2Plate. nippetirs to have, iatn low Invr'licetjvo vahie.
Group 2 'i'his seemirigy inifertior 1hS'orl buative, 1s niccoin-1

Phi Percent jialiud by lhe lowest. per vent of "Inisses" ell-
Test Coetf lclent* "Misses"' ivoiriterist ill the. (IliT~l-t Andy lb 1 ,111'ht. both tho

- __________ . Titinlits phi c'oefficint. and illiss rate, are low is

A.0.1-RR ---------- .43 14. 1i o h high per vent, of false. positives C :39.4%)

Color Threshold Tester ---- . B 8.5 tliesiets hofldtreitnuPltht
Dvorlnon Phitci--------------- .47 4.2 thsSujcswofie leTitn PaNt
Farnsworth Launtern -----------. 45 4.2 inser h oo inllgtgi et IhsI
Farnsworth 100-Ime -----------.33 8.5 rela't~ively high 1- troluer of aplipv)iidts will fail
Farnsworth Panel U15----- .54 11,3 this test, whien, the~y shiould he passed. Airman
Tittrmu Plate_--------------.34 [.4 applicants who fail tie. color' perception plate. of

*Al crrlaion ae.sinifeat t he 1lev(I,- the Titmius Vision Tester' slinuild b)e givenl lil op-
5A1 coreltios ac sgnllcnlltmt he 01 eve. ho1'tilit.y to tithe an~otherl test for the color v'ision

requtirenient.
oil . c, olor' vision restrictions, burt, who shiould re- 'rue Far'nsworth L~antern consistently yielded

r ceive certificates with restrictions, since they tire one of thre highlest, vori'ehitious' wiitll 'the (color
kunlable to discrimijnate alunong aiviaitioni signial signal light guin test. and, at, thle smie, timle, con-

colurs, For' this rearson, tile tests in this group sistently yielded low miss rate,;. These dnrtrr to-
appear to be unsatisfavctory for screening airmian gether with tire Farnsworth Lrrntprnrs high face.

appliants valditysuiggest thiat tho Farnsworth Lantern
'fie scod gou oftess onsst oftil llm~m- may he tire preferred test for screening airmn~l

ahoscope, thre TDvorina plates, and tile Farnsworth- E11p1)liafts.n of Figuires 1 aind 2 reveals tirat itAltil-sel 100-ae tst-ifl tets wihaavragetoro
Munoll100huetes-lil tstswit a~erae cr highl proportionl of the subject. popuhat ion were.

rlations rind mnodetrate 10155 rates. None of theso dicbromnrfs or severe an~omlnaies. 1111( it test
tets is an oultstanl'dinlg measure of color visi0on 1 51]llaltioiln with ai highier n111iuner of mild and
requieet for aviaition, bt aill liave. somne Ilodlernte Illo~llind ics li~evi irsed, tile. vorri'tliit bs

p~redictive value withouit the high miss rate ass-o- ob~served inl this stnudy wouldI vertainly harve, been
ciated with tile first groupj of tests. different.
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